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Abstract 
Taking a dormitory building in Beijing as an example, this paper presents researches about impacts of radiator selection on 
indoor thermal environment and energy consumption for space heating by using DeST-h software. Simulation results 
quantitatively indicate the variation of heating effect with radiator type (cast-iron radiator, steel radiator and copper-aluminium 
radiator), radiator size and water flow rate. Moreover, the negative impact of water flow rate under design value on indoor 
thermal environment has been highlighted, by which the suggestion to have better understanding about the hydraulic 
misadjustment degree of heat pipeline has been given. Additionally, cast-iron radiator has been demonstrated to be better than the 
new type of copper-aluminium radiator in terms of room air temperature. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CCHVAC 2015. 
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1. Introduction 
In addition to building thermal performance, the heating effect in terms of indoor air temperature and energy use 
for space heating significantly depends on supply water temperature and water flow rate through each radiator, 
together with the radiator size and its energy performance. Among these four factors, radiator energy performance 
and its size are determined by radiator type and its fin number when selecting radiator in heating system design. In 
this case, radiator selection plays an important role in improving indoor thermal environment and reducing energy 
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use for space heating. 
As for radiator selection, its type is usually confirmed in accordance with the current national or local technical 
standards, and its design size (fin number) is usually calculated on the basis of given supply water and return water 
temperatures (75/50ć). However, the operators of heating system have always adjusted the supply water 
temperature with outdoor climates according to their own experiences and usually failed to run the heating system in 
an appropriate manner. Meanwhile, in order to ensure room air temperature no less than the set point of 18ć, the 
designers have been used to increase the radiator size from its design value. Moreover, it’s a common social 
phenomenon that many consumers will reselect a new radiator which is different from the design one in type and 
size when they refitting the house. What caused they do in this manner are that designers and consumers usually 
lack a correct estimate of  the quantitative effects of radiator type, size on indoor air temperature and energy use for 
space heating, and they hold the view that the more radiator fin numbers they put into the room, the higher indoor 
air temperature they will get. 
The above three problems, which cause the deviation of radiator type and size between the design condition and 
the reality, will have direct influences on the indoor air temperature and the energy use for space heating. Hongfa Di 
found that the major reason of low return water temperature is that the actual radiator size is larger than the design 
condition. Chao He takes the view that oversize radiator will result in energy dissipation and temperature imbalance. 
Zhenxi Wang also pointed out that one of the most critical reasons of uneven room temperature is the oversize 
radiator compared with the design value. 
Taking a dormitory building in Beijing as an example, this paper presents simulation researches of indoor air 
temperature and energy use for space heating in the case of different radiator types (cast-iron radiator, steel radiator 
and copper-aluminium radiator), radiator sizes and water flow rates by using DeST-h software. Comparison of these 
simulation results can quantitatively demonstrate the impacts of radiator selection on indoor thermal environment 
and energy use for space heating. 
2. Methods 
The research object is a 6-story dormitory building in Beijing, constructed from clay brick without insulation 
layer in the 1970s and retrofitted in 2006 by only exchanging windows form single glass to double glass type. The 
floor plan is shown as Fig.1. 
 
 
              Fig. 1. Floor plan of the dormitory building 
The impacts of radiator selection on room air temperature and energy use for space heating can be studied using 
the Heating Module of DeST-h software. This Module has been developed on the basis of the BTP (Building 
Thermal Performance) Module by combining the heating effect of radiator with those of outdoor climates and 
internal heat disturbances (occupants, lighting and appliances), which can give more comprehensive prediction 
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about hourly variations of indoor air temperatures of heating room. The mathematical models are given as equations 
(1-4). 
  gp hc G t t Q                                                                                                                                     ˄1˅ 
 pj nK F t t Q                                                                                                                                     ˄2˅ 
n bzQ t tM                                                                                                                                                ˄3˅ 
         pj g h1t t t2                                                                                                                                           ˄4˅ 
 
Where: pc  is specific heat capacity of water,  J / kg K  ; G is water flow rate through every radiator, kg/s  ; 
g ht tǃ are supply and return water temperatures, Cq ; pjt  is average surface temperature of radiator, Cq  ; K  is 
complex heat transfer coefficient of radiator, 
2W / m C  ;   nt  is room air temperature, Cq ; bzt  is base 
temperature of non-heating room, Cq ; Q  is heat supply to room from radiator, J ; M  is room thermal response 
factor to heat supply from radiator. 
Using the models above, hourly room air temperature and the return water temperature for each radiator can be 
calculated under the condition that the outdoor climates, the internal heat gains, the supply water temperature and 
water flow rate are given. Then, according to the water flow rate and the temperature differences between supply 
and return water, the heat supply from radiator, namely energy use for space heating, can be figured out. In this way, 
room air temperature and return water temperature can been simulated for different radiator types, radiator sizes (fin 
number) and supply water flow rates. Based on the simulation results under these different heating scenarios, the 
influence of radiator selection on heating effect can be analysed. 
In order to validate the Heating Module of DeST-h software, which has hardly been reported to apply in 
simulation of heating environment, and implement rigid quantitative analyses, a field survey of indoor thermal 
environment has been carried out for two rooms of the dormitory building. Room air temperatures have been 
measured every 10 minutes during the heating season from 2012 to 2013. Simultaneously, outdoor climates, real 
operation of heating system, together with occupants’ daily schedules have been identified. With these real values as 
inputs in the simulation, the simulated room air temperature has been compared with the measured one, as shown in 
Fig.2. The almost same variation tendency and the difference within acceptable range between calculated and 
measured air temperatures indicate the reliability of the Heating Module of DeST software. 
 
 
Fig. 2. Comparison between simulated and measured room air temperatures 
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3. Results 
Three kinds of radiators (cast-iron radiator, steel radiator and copper-aluminum radiator) have been considered to 
study the impact of radiator type in this research. Their energy performances can all be described as Equ. (5). 
 
ba tK  '˄  ˅                                                                                                                                              ˄5˅ 
 
Where: K  is heat transfer coefficient of radiator, 2W / m C  ; t'  is temperature difference between hot water in 
radiator and room air, Cq  ; a bǃ  are thermal performance coefficient. For cast-iron radiator, steel radiator and 
copper-aluminium radiator, the coefficient of a is 2.34, 3.66 and 1.19, respectively; the coefficient of b is 0.16, 0.20 
and 0.28, respectively. 
For each of these radiators, the steady heat balance method has been introduced to figure out the fin number and 
the water flow rate of every radiator in the dormitory building, respectively. The calculation results of design water 
flow rates for one south room in middle floor are independent of radiator type and are all 0.03m3/h, while the design 
values of fin numbers are 9, 7 and 10 for cast-iron radiator, steel radiator and copper-aluminum radiator, 
respectively. Using the design water flow rate and design fin number as a baseline for the three kinds of radiators, 
various conditions of radiator selections can be developed. Given outdoor climates, internal heat gains, radiator 
energy performance, water flow rate and supply water temperature to radiator, hourly room air temperature and 
energy use can be simulated by using DeST-h software. The simulation results of average room air temperature and 
the total heat supply from radiator during the heating season, as well as their variations with radiator size and water 
flow rates are presented in Fig 3(a), (b) and (c), respectively, where the 100% on horizontal axis means the design 
water flow rate for the three kinds of radiators. 
 
 
˄a1˅average room air temperature                                                          ˄a2˅total heat supply 
˄a˅Cast-iron radiator 
 
˄b1˅average room air temperature                                                           ˄b2˅total heat supply 
˄b˅Steel radiator 
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˄c1˅average room air temperature                                                           ˄c2˅total heat supply 
˄c˅copper-Aluminum combined radiator 
Fig. 3. Variations of average room air temperatures and total heat supply with radiator type, radiator size and water flow rate 
As shown in Fig 3(a), (b) and (c), the average indoor air temperature and the total heat supply to the room rise 
with the water flow rate like a parabola for all kinds of radiators. That is, the less the relative water flow rate in 
comparison with the design water flow rate is, the more the average air temperature and the total heat supply 
decrease with water flow rate; while the impact of water flow rate on indoor air temperature and heat supply is 
decreased obviously when the actual flow is higher than the design value. For example, when water flow rate is 1.5 
times than the design value, air temperature rises by no more than 0.5ć and the heat supply only adds 4.2%, but the 
decrease of water flow rate by 50% will reduce air temperature by 1.1ć and heat supply by 13.7% with the cast-
iron radiator. As for the radiator size (fin number), its impacts on room air temperature and heat supply are also 
related to the relative water flow rate. In the case of less water flow rate than the design value, the impacts of 
radiator size on air temperature and heat supply will diminish with the reduction of water flow rate. However, when 
the flow rate is higher than the design value, the impacts of radiator size are almost independent of the water flow 
rate.  
In addition, Fig 3(a), (b) and (c) also show the impacts of radiator type on indoor air temperature and heat supply. 
For example, with the same radiator fin number (10) and the same supply water rate (2 times as the design value), 
room air temperature for cast-iron radiator and steel radiator is higher than 19ć, while air temperature for the 
copper-aluminum radiator is lower than 19ć. The differences of room air temperature and heat supply among the 
three different radiator types (cast-iron radiator, steel radiator and copper-aluminum radiator) are shown in Fig.4. 
 
 

Fig. 4. Effects of radiator type on room air temperature and heat supply 
As shown in Fig.4, from the viewpoint of occupants’ thermal comfort, the cast-iron radiator can make an indoor 
air temperature about 18ć at the design water flow rate, while the indoor thermal environment with steel radiator 
and the copper-aluminum radiator is either hot or cool, with room air temperature more than 19ć or less than 17ć, 
respectively. In terms of energy saving, the copper-aluminum radiator consume the minimum amount of energy for 
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space heating during the whole heating season, with heat consumption index about 8.5W/m2 at the design water 
flow rate; the cast-iron radiator takes second place, and the steel radiator is the worst, requiring almost twice the heat 
supply of the copper-aluminum radiator. Considering their beneficial and adverse effects together as a whole, the 
cast-iron radiator is the best one in this research. 
4. Discussions 
4.1. Impacts of radiator size on heating system design 
According to the simulation results about the impacts of water flow rate, the real water flow rate should be higher 
than the design value. However, it’s very difficult to make a precise prediction about the resistance of heating 
pipeline in design phase and to achieve the suitable adjustment of heating pipeline in commissioning phase, which 
will certainly cause the differences between the actual flow and the design value, namely, hydraulic misadjustment. 
To make up the decrease of water flow rate, one of the solutions is to enlarge the radiator size. However, three 
problems should be taken into consideration when evaluating the heating effect of radiator size. Firstly, the initial 
investment of heating system will certainly increase. Next, the flow resistance of heating pipeline will also increase. 
In this case, if the water pumps of heating pipeline have not been changed, the water flow rate will be decreased and 
further deviated from the design value. Moreover, if the heat pipeline has not been adjusted properly, the water flow 
rates for some radiators are probably less than the design values. For scenario like these, the benefit of raising 
radiator size may be diminished and the heating effect may even become worse due to the decrease of water flow 
rate. 
As a result, the primary problem concerning determination of radiator size is to have better understanding about 
the hydraulic misadjustment degree of heat pipeline, which can ensure selection of appropriate water pump in design 
phase and the maximum hydraulic balance during the commissioning phase. In this case, the radiator will be sized 
according to the design value and the unnecessary initial investment will be avoided, meanwhile, a comfortable 
indoor thermal environment will be provided. 
4.2. Radiator structure and its heating effect 
Unlike what has expected, the simulation results demonstrate that the heating effect of copper-aluminium radiator 
is not better than that of the old-style of cast-iron radiator. It can be explained by the two thermal performance 
coefficients of a and b, as shown in Equ. (1). The coefficient b of cast-iron radiator is about half of that of copper-
aluminium radiator, but the coefficient a of cast-iron radiator is 2 times more than that of copper-aluminium radiator, 
which will result in a higher heat transfer coefficient K for cast-iron radiator than that for copper-aluminium radiator.  
Further analyses show the reason why copper-aluminium radiator has worse thermal performance. As shown in 
Fig.5, the internal cylinder of copper-aluminium radiator is cupreous, and the outer cylinder is aluminous. Although 
the thermal conductivity of both copper and aluminium is considerable, the full air among the interlayer of the 
radiator, which has huge thermal resistance, prevents the copper-aluminium radiator from conducting heat 
efficiently. Accordingly, the radiator should be designed with reasonable structure form to maximize its heat transfer 
to indoor environment. 
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
Fig. 5. The structure form of copper-Aluminium combined radiator 
5. Conclusions 
In terms of radiator type, size and water flow rate through radiator, radiator selection plays an important role in 
influencing room air temperature and energy use for space heating. Moreover, the influencing characteristics of 
radiator size and type on room air temperature and energy use are also related to the water flow rate. In the case of 
water flow rate above the design value, the impacts of radiator size on air temperature and heat supply are almost 
independent of the water flow rate, but when the flow rate is less than the design value, the impacts of radiator size 
will diminish significantly when reducing water flow rate. As for radiator type, due to its structure form, the heating 
performance of copper-aluminium radiator is not ideal in comparison with that of the cast-iron radiator and steel 
radiator. 
According to the influencing characteristics of radiator type, size and water flow rate through radiator, it is 
necessary to have better understanding about the hydraulic misadjustment degree of heat pipeline, which can ensure 
that the radiator will be sized properly to compensate the effects of decreasing water flow rate. Moreover, the 
radiator should be designed with reasonable structure form to maximize its heat transfer to indoor environment. 
Acknowledgements 
This research was undertaken as a part of the project supported by the National Natural Science Foundation of 
China (Grant No. 51278004), by Beijing Municipal Natural Science Foundation (Grant No. 8142004) and by 
Beijing Key Lab of Heating, Gas Supply, Ventilating and Air Conditioning Engineering (Grant No. NR2012K07). 
References 
[1] Ministry of Housing and Urban-rural Development of the People's Republic of China. 2012. Design Code for Heating Ventilation and Air 
Conditioning of Civil Buildings GB50736-2012. Beijing: China Architecture & Building Press. 
[2] Tsinghua Center for Building Energy Research. 2011. Annual Report on China Building Energy Efficiency. Beijing: China Architecture & 
Building Press. 
[3] Zhang Qunli and Di Hongfa. 2012. Optimal research on secondary network temperature of central heating system. HV&AC, 42(7), 33-37. 
[4] He Chao. 2007. Calculation and research on radiator quantity for heating design. Master Thesis, Harbin: Harbin Institute of Technology. 
[5] Wang Zhenxi. 2001. Influence, analysis and adjustment of heating effect on the increasing of radiation area. Journal of Harbin University of 
Commerce, 17(4): 114-117. 
[6] He Ping. 2009. Heating Supply Engineering. Beijing: China Architecture & Building Press. 
[7] Zhang Xiaoliang. 2002. Simulative investigation of thermal performance of heating system. Bachelor Thesis, Beijing: Tsinghua University. 
[8] Jian Yiwen, Li Yi, Sun Le, Zhang Xing and Li Rui. 2014. Actual Effect of Operation Regulation of Heating System with Gas Boiler Room. 
GAS & HEAT, 34(12), A01-A03. 
[9] Ministry of Housing and Urban-rural Development of the People's Republic of China. 2007. Technical Specification for Copper Aluminium 
Column-wing Type Radiator. JG 220-2007. Beijing: China Standard Press, 2007. 
 
